Absfracf -A control method, namely, Alternated Duty Cycle (ADC) control, is presented in this paper. This method can achieve soft-switching for at least one switch of the two half-bridge switches. When soft-switching can be only achieved for one switch, ADC control alternates the soft-switching realization between the two switches so that each switch will be soft-switched during half of the time and hard-switched during the other half, keeping equal power losses distribution between the switches. Moreover, a n y asymmetry in the duty cycle will not cause asymmetric components stresses or transformer DC bias when ADC control is used. Theoretical analysis and implementation are presented along with experimental results.
INTRODUCTION
Half-bridge topology [I-31 can be a good candidate for high power density DC-DC conversion especially in those applications that use Point-Of-Load (POL) DC-DC converters for present and future generation of ICs (Integrated Circuits) . This is because of several reasons including structure simplicity, lower number of switches, lower isolation transformer primary side turns since half o f the input voltage is applied to the transformer windings, and possibility to achieve soft-switching with the appropriate control [I-31. There are two main conventional control schemes used in half-bridge topology. One is the conventional symmetric PWM control and the other is the asymmetric (complimentary) control [1,2] where two driving signals are complimentarily generated.
The switching frequency continues to increase mainly to reduce the size and cost of passive components and to improve the dynamic performance [3-41. Hence, softswitching techniques becomes more desirable in order to reduce the increased switching losses and switches body diode reverse recovery losses at these increased switching iiequencies [1-3,5,6].
When the conventional symmetric control is used for half-bridge, its two switches operate at hard-switching, while when the asymmetric (complimentary) control is used, the two half-bridge switches operate at soft-switching, but unfortunately, causing asymmetric stresses on the converter components which is not desirable especially for wide input voltage range, say 3SV-75V or 300V-400V 11-31, Moreover, the DC gain is not linear which degrades the converter performance. In this paper, a control method, namely, Alternated Duty Cycle (ADC) control, is presented. This method can achieve soft-switching for at least one switch of the two half-bridge switches. When soft-switching can be only achieved for one switch, ADC control alternates the soft-switching realization between the two switches so that each switch will be soft-switched during half of the time and hard-switched during the other half, keeping equal power losses distribution between the switches. Moreover, any asymmetry in the duty cycle will not cause asymmetric components stresses when ADC control is used.
Next section briefly presents the Alternated Duty Cycle (ADC) control followed by a theoretical analysis in Section 111. Section IV discusses the experimental work. The conclusion is given in Section VI. Therefore, m will be larger than one resulting in losing the soft-switching operation for one switch. However, it is interesting to note that the soft-switching will be "alternated" between the two half-bridge switches, i.e., S, will be soft-switched in the first cycle and hard switched in the following cycle and so on, and vise versa for S,. When m = (I -D ) / D , symmetric (equal) duty cycles are achieved for CO and C, and hence for C, and C, . However, in the ADC control, equal duty cycle is not required since it will not affect the symmetry of the converter. 
GAIN EQUATION AND THEORETICAL ANALYSIS
It can be shown by simply applying the volt-secondbalance across the output inductors that the voltage gain equation for the ADC controlled half-bridge is given by: -- Which means that: capacitors C,%, and CS, even though the duty cycle is asymmetric since the average duty cycles of C, and C, are symmetric. This will result in a converter that works but voltage at different input and output conditions. The reason for this phenomena is that in order to have the regulation ability in the half-bridge converter, switching dead time period is required as in the symmetric control or asymmetry is the required as in the asymmetric control, which is lost at this case. (3) Figure 5 shows the output current ripple versus duty cycle from Equation (4) Figure 6 shows some experimental waveforms while Figure 7 shows the prototype measured efficiency curve. It can be noticed from Figure  6 (c) that zero-voltage switching was achieved alternatively between S, and S, . Anchen, Germany, 2W4
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VI. 
V. CONCLUSION
The Alternated Duty Cycle (ADC) control is proposed in this paper. This method can achieve soft-switching for at least one switch of the two half-bridge switches. When softswitching can be only achieved for one switch, ADC control alternates the soft-switching realization between the two switches so that each switch will he soft-switched during half of the time and hard-switched during the other half, keeping equal power losses distribution between the switches. Moreover, the any asymmetry in the duty cycle will not cause asymmetric components stresses, DC transformer bias, or nonlinear DC gain when ADC control is used. Brief description and theoretical analysis and implementation were presented along with experimental results.
